Purpose of Review To synthesize the critical role of obesity-associated inflammation, dietary factors, and nutrition in determining breast cancer risk. Recent Findings Obesity-associated inflammation is strongly linked to breast cancer risk and progression, largely via two processes: inflammatory pathways and dysregulated metabolism. Cytokine production in excess adipose tissues creates a chronic inflammatory microenvironment, which favors tumor development. Lifestyle factors, including diet, have long been recognized as important determinants of breast cancer risk and mortality. Summary Obesity increases the risk of developing breast cancer in both pre-and postmenopausal women and also negatively affects breast cancer recurrence and survival. Poor dietary habits characterized by the high intake of refined starches, sugar, and both saturated and trans-saturated fats, as well as the low intake of omega-3 fatty acids, natural antioxidants, and fiber, modulate inflammation and, thereby, appear to be linked to increased risk of breast cancer and mortality.
Introduction
Breast cancer is a leading cause of cancer mortality worldwide and the most common form of cancer affecting women [1] . It also is a highly heterogeneous disease, characterized by a broad range of prognoses, depending upon the presence versus absence of specific receptors on the tumor cells. Patients are thus characterized by the presence/absence of estrogen receptors (ER), progesterone receptors (PR), and human epidermal growth factor receptor 2 (HER2), and patients whose tumor cells have none of these are said to have triple-negative breast cancer (TNBC) [2] . The American Cancer Society has estimated that there will be roughly 316,000 breast cancer cases in 2017 (Table 1) , placing emphasis on the need for cancer prevention and new cancer treatment strategies [1] . While only 5-10% of all cancers are caused by genetic predispositions, 90-95% of tumor pathogenesis can be explained by environmental factors or unhealthy lifestyles, including alcohol consumption, unhealthy eating patterns, and obesity [3] . Several well-established links have been identified between environmental factors and breast cancer risk, including reproductive factors, like the patient's age at menarche, age at first birth, parity, whether they have breastfed, and age at menopause. Such reproductive factors are generally considered nonmodifiable risk factors, which thereby cannot be controlled or changed by public measures.
In contrast, lifestyle choices such as unbalanced diet, lack of physical activity, high body mass index (BMI), and high alcohol and/or tobacco consumption are deemed modifiable [4] . It is widely acknowledged that diet acts as carcinogenesis risk modifiers, impacting both cancer initiation and progression [5] . This review synthesizes the critical impact of obesity-associated inflammation, dietary factors, and nutrition on breast cancer risk. Finally, dietary guidelines are presented, as well as their implications with respect to both the prevention and the treatment of breast cancer.
Obesity and Breast Cancer
The Role of Obesity in Breast Cancer Risk
The prevalence of obesity has increased significantly in the USA and globally over the last three decades, with more than one third of adult US men and women categorized as obese, representing a significant public health concern [6] . Obesity is a risk factor for several major illnesses, including cardiovascular disease, diabetes, and cancer, affecting both one's risk of developing disease and potential death [7] . Obesity results when there is a sustained energy imbalance, with caloric intake (e.g., through food and beverages) exceeding caloric expenditure (e.g., physical activity) [8] . The body mass index (BMI) has traditionally been used to classify individuals' weight relative to others, categorizing them as underweight, of normal weight, overweight, or obese, with a BMI between 25 and 29.9 kg/m 2 implying that someone is overweight and a BMI greater than or equal to 30 kg/m 2 implying obesity [9] . Obesity is the result of a complex interplay of biological, genetic, environmental, cultural and psychosocial factors that influence appetite, satiety, and food storage in the form of body fat. In addition, socioeconomic factors and lower educational levels that generally promote the consumption of less expensive, high-caloric foods with low nutritional value and disparities in access to healthy food sources may account for the association between unhealthy nutritional habits and obesity [10] .
Obesity is an important, but under-recognized contributor that is quickly overtaking tobacco as the leading preventable cause of cancer [11] . An estimated 84,000 cancer diagnoses each year are linked to obesity, and being overweight or obese accounts for 15 to 20% of cancer-related deaths [7, 12, 13] . Obesity is also a critical risk factor for breast cancer in both pre-and postmenopausal women [14, 15] , though the association is statistically stronger in postmenopause [16, 17] . In a study by Eliassen et al. [18] , while there was a 12% increased risk for breast cancer among overweight, postmenopausal women, this increased risk rose to 25% in obese, postmenopausal women. Evidence links obesity not only to the elevated risk of breast cancer, but also to breast cancer recurrence [19] and mortality [20] . While some studies suggest that obesity in pre-menopausal women has no effect or actually reduces the risk of breast cancer [16, 21, 22] , obesity is associated with worse outcomes for both pre-and postmenopausal breast cancer patients, including a 30% higher risk of death relative to breast cancer patients with a normal BMI [16, 20] . These different impacts of obesity on breast cancer risk might be best explained by menopausal status. In postmenopausal women, in whom ovarian estrogen production is absent, the increased incidence of breast cancer in women with a high BMI might be associated with the relatively high plasma levels of estradiol from adipose tissue. Estrogen synthesis in adipose tissues increases with both obesity and aging and is correlated with the increased expression of aromatase, an enzyme that contributes to estrogen biosynthesis [23] . Thus, estrogen formation in adipose tissue and aromatase expression in the breast adipose may be important links to breast cancer risk [24] . In contrast, the inverse relationship between a high BMI and breast cancer risk in premenopausal women may be due to reduced progesterone serum levels in obese women [21] .
Breast cancer survivors, defined as those with breast cancer who complete treatment, are also at increased risk for comorbid conditions, likely due to obesity, including hypertension, cardiovascular disease, and diabetes, placing breast cancer survivors at greater risk for CVD-related mortality [25, 26] . Apart from mortality, obesity in breast cancer can interfere with the effective delivery of systemic cancer therapy and can contribute to treatment-related morbidity [27] . In addition, obesity in breast cancer is a risk factor for surgical complications like lymphedema, wound infections, poor wound healing, and unfavorable cosmetic outcomes postbreast cancer reconstruction [28, 29] .
Although there is strong evidence linking high BMI to breast cancer risk, differences across different races/ethnicities, tumor subtypes, reproductive characteristics, receptor statuses, body weight changes throughout one's lifespan, and lifestyle determinants may confound this relationship [30] .
Obesity, Inflammation, and Breast Cancer Risk
Although the link between obesity and the onset of breast cancer is well documented, the biological and molecular mechanisms that promote tumor growth and progression are not fully understood, due to the complex and multifactorial causation of obesity. Possible mechanistic pathways underlying the association between obesity and breast cancer risk and survival involve chronic inflammation, steroid hormones, upregulation of insulin-like growth factors, hyperinsulinemia or insulin resistance, and altered immune function [14, 31] . Dysregulation of theses pathways may influence cellular processes that promote tumor initiation and progression [32] . Chronic inflammation plays a critical role in the carcinogenesis process, and inflammatory components are important constituents of the tumor microenvironment [33] [34] [35] . For instance, higher C-reactive protein (CRP), interleukin 1β (IL-1β), and interleukin 6 (IL-6) have been shown to increase the risk of breast cancer and to be associated with shortened disease-free and overall survival [36] [37] [38] [39] [40] . Adipocytes are endocrine cells, which produce a variety of hormones, growth factors, and cytokines, also referred to as adipokines [32] . Adipose tissues promote low-grade chronic inflammation, characterized by increased circulating adipocytokines, including CRP, IL-1β, IL-6, tumor necrosis factor-alpha (TNF-α), leptin, and restin [32] . Leptin is a protein produced by fatty tissue and is involved in suppressing appetite and regulating fat storage in the body. Restin is an adipose-derived hormone and has been controversially discussed as a contributing factor to insulin resistance and diabetes mellitus [41] . Overall, these immune mediators are associated with intracellular transcription factors that are involved in each step of carcinogenesis, including apoptosis, migration, cell proliferation, inflammation, angiogenesis, and metastasis [42] . Hypoxia is another characteristic of adipose tissues that may develop, partially due to the physical limitations of blood vessels accommodating large, lipidengorged adipocytes [43] . Furthermore, weight gain causes a shift in macrophage sub-types to a pro-inflammatory macrophage polarization M1, resulting in chronic inflammation through the release of TNF-α, IL-1β, and IL-6, all of which can support vessel growth in the hypoxic environment of obese adipose tissues [44, 45] .
Moreover, adipocytes and visceral adipose tissues produce leptin and adiponectin, which are hormones that have the capacity to modulate immune function, inflammatory cytokines, angiogenesis, insulin resistance, and other biological processes that are associated with cancer initiation and progression [46] . High levels of leptin attract monocytes and promote monocyte differentiation to macrophages that produce TNF-α, fibroblast growth factor, and epidermal growth factor, which promote angiogenesis in developing tumors [47] .
Inflammation in turn, dysregulates the endocrine functions of adipocytes, as well as the secretion of adipokines [48] . Systemic inflammation and the dysregulated adipokine concentrations are hypothesized to be responsible for obesityassociated insulin resistance [49] , and type 2 diabetes mellitus [50] , and to be a risk factor for breast cancer development [51] . For instance, TNF-α has been proposed as a link between obesity and insulin resistance by promoting serine phosphorylation of insulin receptor substrate (IRS-1), thereby blocking insulin signaling [52] . IL-6 increases insulin resistance by inhibiting lipoprotein lipase and thus the glucose uptake by the adipocytes [53] . In particular, higher breast cancer incidence and mortality have been noted in individuals with hyperinsulinemia, caused by insulin resistance in the liver, skeletal muscle, and adipose tissue and with type 2 diabetes mellitus [54] .
Stress-Induced Obesity in Breast Cancer Risk
Stress and stressful life events and the negative emotions they generate elevate cortisol production [55] . Cortisol, the primary stress hormone, exerts multiple effects on neurochemistry, neurobiology, and behaviors, which ultimately result in metabolic alterations [56] . Cortisol also dysregulates the immune response, by disturbing the sensitive interplay between the central nervous system (CNS), the endocrine system, and the immune system [57] , inducing low-grade inflammation and suppressing the function of immuno-protective cells, which can lead to severe health consequences [58] .
Chronic stress and stressful life events have been associated with weight gain and adiposity [59, 60] . Data obtained from longitudinal studies suggest that chronic stress and stressful life events induce the development of a condition called metabolic syndrome [61, 62] , a cluster of clinical abnormalities that include increased blood pressure, high blood sugar levels, excess body fat around the waist, and abnormal serum cholesterol and/or triglyceride levels [63] . Stress also influences food choices [64] . Higher levels of cortisol stimulate the increased intake of calorie-dense foods, and insulin secretion rises as cortisol increases [56] . In a recent study by Kiecolt-Glaser et al. [65] , daily stressors impacted the metabolic responses to high-fat meals, revealing a molecular pathway that links stress and obesity. Additionally, chronic stress and elevated cortisol levels are risk factors for depression [66] , which is known to promote obesity [67] . Meanwhile, diet can impact mood, as well as pro-inflammatory responses to stressors [68] .
While there is mounting evidence linking stress to obesity and obesity to breast cancer risk, few clinical studies have been published that have investigated potential underlying mechanisms through which obesity may influence pathogenesis of breast cancer. Stress-induced obesity could be a critical factor affecting the risk of breast cancer. One pre-clinical model revealed that stress from social isolation, combined with a high-fat diet, increased the likelihood of obesity, insulin resistance, and breast cancer risk [69] . These results have important clinical implications, as they provide a mechanistic understanding of how stress might alter the phenotype and function of abdominal and mammary adipocytes, and how these changes may contribute increased breast cancer risk and mortality, both in stressed women and animal stress models.
In summary, stress can considerably affect the relationship between obesity and breast cancer risk, primarily via inflammatory pathways. Future research should continue to examine the relationship between stress, obesity, and breast cancer so as to develop preventative measures and interventions for atrisk populations.
Dietary Factors and Nutrition in Breast Cancer Risk
Diet can be characterized as the sum of all food that is consumed. Dietary habits correspond to the habitual and cultural decisions that an individual makes when choosing which foods to eat [5] . Among different modifiable risk factors that are known to affect breast cancer risk and mortality, diet is considered one of the most important, and most modifiable. In their most recent report, the World Cancer Research Fund International (WCRF)/American Institute for Cancer Research (AICR) estimated that, encompassing the 13 most common cancers, 29% of cases could have been prevented by a healthy lifestyle-specifically, by not smoking, being physically active, maintaining a healthy weight, and eating a balanced diet [70] .
Foods contain both compounds that are protective and others that may cause harm and have an oncogenic effect [71] . We can consider the impact of individual nutrients (e.g., carbohydrates, saturated fat), important dietary markers (e.g., glycemic index, insulin load), and overall dietary patterns (e.g., high-fat versus plant-based diets) on one's risk of developing breast cancer.
Foods with Tumor-Promoting Potential
Carbohydrates High circulating levels of insulin and insulinlike growth factor 1 (IGF-1) are associated with type-2 diabetes mellitus and are hypothesized to play a critical role in tumor growth and progression in breast cancer breast cancer, as well as potentially increasing one's risk of ever having it [72] . Numerous dietary factors can affect circulating insulin and IGF-I. The quality and quantity of consumed carbohydrates, expressed as a glycemic index (GI) and glycemic load (GL), are the most important determinants of postprandial glucose levels, and thus, circulating insulin levels [72] . A diet with a high GI or high GL increases postprandial serum glucose levels and insulin concentrations in the blood [73] , which might affect breast cancer risk through the stimulation of insulin receptors in breast tissues and/or via the increased bioactivity of IGF-1, which in turn stimulates cell proliferation [74] . Robust evidence from cohort and meta-analytic studies have demonstrated a significant association between a diet high in GI or GL and the risk of breast cancer [75] [76] [77] . Moreover, in one study, high insulin and high serum glucose levels were linked to worse outcomes in patients with breast cancer [78] .
Red and Processed Meats Red meat consumption is associated with an increased risk of total, cardiovascular, and cancer mortality [79] . In the UK Women's Cohort study, women with high meat consumption had a greater risk of breast cancer [80] . Similar findings have been reported for the Nashville Breast Health Study [81] and the NIH-AARP Diet and Health Study among both, pre-and postmenopausal women [82] . Red and processed meats consist of heterocyclic amines, n-nitroso compounds, and polycyclic aromatic hydrocarbons, all of which are potential human carcinogens [17, 83] . Meat also contains animal fats and saturated fats, which are associated with the increased risk of breast cancer, in particular of the ER+/ER− and HER2-subtypes [84] [85] [86] .
Trans-fatty Acids Trans-fatty acids usually are found in industrially processed sweet and salty foods, like chocolate bars, candies, cookies, industrial bread, and packed snacks. Potential harmful effects from trans-fatty acids arise from alterations in metabolic and signaling pathways, higher circulating levels of lipids, systemic inflammation, endothelial dysfunction, and potentially increased visceral adiposity, body weight, and insulin resistance [87] . Data suggest that transfatty acids may be linked to an increased risk of breast cancer [88, 89] .
Ethanol Ethanol is considered carcinogenic to humans [90] , being a risk factor for several cancer types, as demonstrated oral cavity and pharynx, esophagus, colorectum, liver, larynx, and female breast [90] [91] [92] [93] . More specifically, alcohol intake is associated with breast cancer in both pre-and postmenopausal women, and the risk of breast cancer is stronger among women who started drinking prior to their first full-time pregnancy [92] , highlighting that the timing of exposure to alcohol drinking may affect the risk of breast cancer development. The same study confirmed the aforementioned association between alcohol intake and both hormone receptor-positive and hormone receptor-negative breast tumors. Although red wine contains a number of potential protective ingredients, like anti-oxidative polyphenols, its benefits with respect to malignant diseases remain controversial [94] .
Omega-6 fatty acids Omega-6 (n-6) polyunsaturated fatty acids (PUFAs) are pro-inflammatory polyunsaturated fatty acids and commonly occur not only in poultry, eggs, corn, and most vegetable oils, but also in processed and fast foods. They are considered to be the counterpart of omega-3 (n-3) polyunsaturated fatty acids (PUFA), which are anti-inflammatory. Omega-6 and Omega-3 PUFAs should be consumed in a 1:1 ratio [95] . Adequate intake of PUFAs is essential as they play a key role in metabolism, inflammation, cell signaling, and regulation of gene expression [96] . A high-fat diet and the Western dietary pattern are characterized by high amounts of n-6 PUFAs and low amounts of n-3 PUFAs. Conversely, a low-fat diet (e.g., traditional Japanese diet) is low in n-6 PUFAS and high in n-3 PUFAs [97] . Evidence indicates that an increased ratio of n-6/n-3 PUFAs increases inflammation and the risk of chronic inflammatory diseases, including obesity, nonalcoholic fatty liver disease, and cardiovascular disease [95] . Preclinical studies indicate that n-6 PUFAs have a tumor-enhancing effect [98] . In a recent Japanese cohort study, incorporating 38,200 women, n-6 PUFA intake was positively associated with breast cancer risk, with this association strongest for ER+/PR+ tumors [99] .
Foods with Tumor-Preventive Potential
Omega-3 Fatty Acids Omega-3 (n-3) polyunsaturated fatty acids (PUFAs) have anti-inflammatory properties and are thought to be critical in breast cancer prevention [100] . n-3 PUFAs can be found in foods like fish, fish oil, marine sources, flaxseed, nuts, and eggs [99] . n-3 PUFAs intake also can boost mood [101] , modulate the magnitude of inflammatory responses to stressors [102] , and reduce the risks of cardiovascular disease, cancer [103, 104] , and all-cause mortality [105] . Insights into mechanisms that may contribute to the beneficial health effects of n-3 PUFAs can be gleaned by reviewing recent work by Kiecolt-Glaser et al. [106] , showing that n-3 PUFAs supplementation positively impacted cell aging, thereby highlighting how inflammation, oxidative stress, and immune cell aging-which appear to be important mechanisms prior to disease onset-that may be ameliorated through nutritional interventions. Among women, n-3 PUFA intake has been found to be inversely associated with breast cancer risk [99, 100, 107, 108] and breast cancer mortality [103, 104] . Mechanisms underlying the beneficial effects of higher consumption of marine n-3 fatty acids in terms of lowering breast cancer risk might be attributed to the growthinhibitory, pro-apoptotic, or anti-angiogenic effects of n-3 fatty acids that can be found in fish [100, 103] .
Fruits and vegetables Fruits and vegetables contain numerous components with anti-inflammatory and detoxifying actions that are known to have favorable effects on inflammatory and metabolic processes, as well as on endothelial function [109, 110] . Fruit and vegetable intake is associated with a reduced risk of cancer and reduced all-cause mortality [111] . A study by Narita et al. [112] demonstrated an inverse association between adult fiber intake and breast cancer risk. Furthermore, regular consumption of fruits and vegetables was found to facilitate weight management in obese breast cancer survivors [113] , suggesting a favorable role of a Mediterranean diet to counter obesity as a risk factor for cancer and poor survival outcomes. The tumor-preventative components of fruits include antioxidant vitamins and dietary fiber, both of which protect DNA from oxidative damage and, thus, might be protective against breast cancer [114] .
Vitamins and Minerals Blood concentrations of carotenoid and vitamin C are reliable biomarkers of vegetable and fruit intake. Carotenoids and vitamin C are thought to be associated with reduced cancer risk due to their anti-oxidative capacity and their ability to inhibit cell proliferation and maintaining DNA methylation and hormonal metabolism [115] . Results from case-control studies indicate that higher concentrations of total carotenoid and vitamin C are associated with lower breast cancer risk, though this association may be statistically stronger for ER− than ER+ breast cancer tumors [116, 117] . Vitamin D is important in many physiological processes, is predominantly obtained through UVB radiation, and has been ascribed an important role in calcium homeostasis, bone health, and anti-cancer activity [118] . Some research has been published documenting a protective role of vitamin D against breast cancer [119, 120] . Moreover, higher levels of vitamin D may be associated with improved survival [121] .
Tree nuts Tree nuts contain high amounts of polyphenols and phytochemicals that have antioxidant, endothelium-protective, and anti-inflammatory properties, which might help to prevent tumor pathogenesis and progression [122] . In one cohort study, it was observed that the consumption of nuts was potentially associated with the reduced risk of both cancer and cancer-related mortality, although the effect sizes for this study were small [123] .
Dietary Pattern
Instead of focusing on single nutrients, the assessment of dietary pattern might be a more illuminating approach to identifying the link between nutrition and cancer [109] . As opposed to single-nutrient analyses, dietary patterns allow for the simultaneous assessment of both favorable and unfavorable food components, as well as their interdependencies [124] . Dietary patterns are likely to vary between populations, because of geographic characteristics and cultural differences in food habits, preferences, and availability [125] . Several studies investigating dietary patterns and breast cancer risk have documented an inverse association with a prudent/low fat dietary pattern, which includes the high intake of vegetables, fruits, whole grains, and fish [110, 111, 124, 126] , and a positive association with the less healthy Western diet, which is generally characterized by large quantities of red meat, refined grains, potatoes, and fat [127] .
The Mediterranean diet is an example of an a priori-defined dietary food pattern, one that is characterized by the high intake of virgin olive oil, vegetables, fruits, plant proteins, fish and other seafood, whole grains, nuts, and low-fat dairy, accompanied by moderate alcohol intake and low red meat consumption [3] . Beneficial effects of a Mediterranean diet have been noted with regards to decreasing the risk of breast cancer and breast cancer recurrence, while improving overall survival [109, [128] [129] [130] . The health-promoting effects of a Mediterranean diet might be explained by its high content of calcium, vitamins, and protein [3] .
Dietary Influences on Inflammation
Experimental studies have revealed how various nutritional components can influence key pathways to inflammation, including sympathetic activity, oxidative stress, transcription nuclear factor kappa B (NF-kB) activation, and proinflammatory cytokine production [131] . This, in turn, increases one's risk of the developing breast cancer [71, 132] . Red and processed meat, butter, saturated and trans-fats, alcohol, nitrosamines, diets low in omega-3 fatty acids, sugar, and Western dietary patterns are associated with increased levels of CRP and pro-inflammatory cytokines and have been identified as ingredients that may increase the risk of different types of cancer, including breast [91, 133] . The unfavorable effects of red meat and processed products might be related to components that induce pro-inflammatory and pro-oxidative metabolic processes-like nitrosamines, iron, or saturated fatty acids [134] .
Compelling evidence has been provided by one preclinical animal study, in which it demonstrated that a high-fat, high-calorie intake resulted in mammary adipose tissue inflammation. In the same study, inflammation was associated with increased macrophage infiltration, elevated plasma levels of monocyte chemoattractant protein-1 (MCP-1), and increased leptin and proinflammatory cytokine concentrations, suggesting a critical role of obesity in creating a microenvironment favorable to angiogenesis during breast cancer progression [135] . Clinical data obtained from the Nurses Health Study clearly demonstrated a link between trans-fatty acid consumption and greater inflammation. Women who ate a "Westernized" diet, again determined by the high consumption of red and processed meats, sweets, desserts, French fries, and refrained grains, had higher CRP and IL-6 than those women who adhered to a more prudent diet, characterized by the high intake of fruits, vegetables, fish, and whole grains [136] .
A pro-inflammatory diet has also been shown to increase the risk of breast cancer. The dietary inflammatory index (DII) [137] provides a tool by which to evaluate diets on a continuum, from maximally anti-inflammatory to maximally proinflammatory. Women, who consumed diets characterized by a high inflammatory potential, as indicated by higher DII scores, appeared to be at increased risk of breast cancer, relative to women who consumed more anti-inflammatory diets. This effect seems to be especially strong among postmenopausal women [132, 138] . Further evidence supports the assumption that dietary inflammatory potential influences breast cancer risk differentially, depending on cancer phenotype. A recent study has demonstrated that a history of proinflammatory diets or sustained intake of highly proinflammatory diets may be associated with developing the ER-, PR-, and HER2 subtypes of breast cancer [131] .
Importantly, foods that are consumed not only impact the intake of particular bioactive components, but also may alter metabolism and potentially influence the sites of action of essential and nonessential nutrients. In addition, genetic polymorphisms are increasingly acknowledged as another factor that can modify the responses to dietary components, as they can influence absorption, metabolism, and/or sites of action [32] . Similarly, variations in DNA methylation patterns and other epigenetic events can be affected by dietary intake [139] . For instance, alcohol may affect DNA methylation and can change the expression of oncogenes and tumor suppressor genes. In contrast, whole grains are rich in antioxidants, which have shown to prevent oxidative damage to DNA and mutation during tumor initiation [5] .
In contrast, fiber, n-3 PUFAs, vitamin C/E, fruits and vegetables, a Mediterranean diet pattern, and a low-glycemic index diet are associated with lower levels of chronic inflammation [68, 140] . Adherence to a Mediterranean diet has been demonstrated to have anti-inflammatory dietary effects. Authors of a recent meta-analysis reported that a Mediterranean diet both decreased inflammation and improved endothelial function [109] .
Dietary Factors in Breast Cancer Outcomes and Recurrence

Malnutrition in Breast Cancer
Both the tumor itself and its treatment can threaten the nutritional status of cancer patients in multiple ways, including effects on the patient's sense of taste and smell, appetite, and functional ability to eat (e.g., chew and swallow), thereby placing them at risk for malnutrition (i.e., the inadequacy of key nutrients).
Cancer patients also are at risk of developing a systemic inflammation syndrome, which can vary in severity, but may impact all relevant metabolic pathways. This includes (1) protein metabolism, resulting in lost fat and muscle mass and increased production of acute phase proteins; (2) carbohydrate metabolism, resulting in insulin resistance and impaired glucose tolerance; and (3) lipid metabolism, resulting in increased lipid oxidation [141] .
One particular concern is that malnutrition is an emerging occurrence among overweight/obese cancer patients, stemming from an imbalance between the energy intake, energy expenditures, and the quality of the nutrient intake. Excessive fat mass and/or adipocytes, especially in the form of central obesity, are linked to an increased inflammatory response that likely contributes to the state of malnutrition [142] . In turn, malnutrition is associated with poor tolerance to cancer treatment, and other poor health outcomes, like excessive or inappropriate weight loss, loss of muscles, reduced immune competence with a resultant increase in infections, lower quality of life, and a greater risk of premature deaths [143] .
Nutritional Support and Adherence to Healthy Lifestyle During Cancer Treatment
Adhering to a healthy lifestyle during cancer treatment can help an individual to cope with debilitating treatment-related symptoms, maintain their physical function, and sustain their psychosocial well-being, all the while reducing their risk for other chronic diseases, including diabetes and cardiovascular disease [144] . Strategies to improve the cancer-related symptoms include interventions to increase and optimize nutritional intake and, thereby, limit systemic inflammation, as well as encourage them to engage in exercise and other physical activities [145] . Convincing evidence demonstrates how nutritional support in breast cancer patients undergoing radiotherapy improves their dietary intake and weight, as well as quality of life [146] [147] [148] . In breast cancer survivors and among patients with advanced cancer and cachexia, omega-3 fatty acid supplements may be of benefit, improving appetite, weight, and quality of life, while decreasing fatigue and inflammation [149, 150] .
Diet may modify biomarkers of cancer progression in patients who have been treated for cancer [151] . In observational studies, a prudent dietary pattern, rich in plant foods has been associated with reduced mortality after diagnosis of breast cancer [152, 153] . In the Life After Epidemiology Study, which involved 1900 early-stage breast cancer patients, a Western dietary pattern-characterized by high consumption of meat and refined grains-was linked to an increased risk of overall mortality [154] . These findings suggest that women diagnosed with early-breast cancer might improve their overall prognosis and survival by adopting a more healthful dietary pattern.
Targets for Prevention and Intervention
A healthy lifestyle-one which incorporates a good diet, weight management, and physical activity-is critical for both the prevention of breast cancer and reduction of breast cancer recurrence [155] . Adolescence has been hypothesized to be a stage of life that is particularly susceptible to breast cancer risk factors in women. In the second phase of the Nurses' Health study (NHSII) [156, 157] , red meat and fat intake during adolescence were both positively linked to the risk of breast cancer among pre-menopausal women. In contrast, no significant associations were identified between dietary carbohydrate and fiber intake during adolescence and breast cancer risk [158] . This being said, an adolescent dietary pattern associated with inflammation, characterized by the high intake of sugar-sweetened and diet soft drinks, refined grains, red and processed meats, and margarine, and the low intake of green leafy vegetables, cruciferous vegetables and coffee, might increase the incidence of pre-menopausal breast cancer [159] . Thus, an overall healthy diet during adolescence, one that is similar to the prudent dietary pattern, could contribute to reducing breast cancer risk.
Weight gain after breast cancer treatment confers a poor prognosis and may increase recurrence rates. Adopting a healthy lifestyle, that is eating a healthy diet, engaging in physical activity, and maintaining a healthy weight following cancer treatment, has been shown to improve the quality of life and overall outcome of cancer survivors [155, 160] .
However, changing dietary behaviors that have been established over a lifetime is challenging. Although the time when cancer initially is diagnosed is frequently considered a "teachable moment", and many cancer patients actively seek guidance on effective strategies to improve treatment-related outcomes [161] , cancer patients are no more likely to maintain a healthy diet than healthy individuals of a similar age, gender, ethnicity, and socioeconomic background [162] . Thus, changing dietary behaviors requires tailored support over time to maintain behavioral changes [163] .
Weight loss interventions and dietary education after breast cancer diagnosis can help patients to improve their diet quality, achieve desired weight loss, increase their cardiorespiratory fitness, and improve their overall quality of life, fatigue, body image, and lower incidence of comorbidities and favor changes in biomarkers related to breast cancer risk and prognosis (e.g., blood glucose, blood lipids, CRP, DNA methylation) [113, 155, 160, [164] [165] [166] [167] . In addition, physical activity during and after treatment can help patients to manage treatment side effects, reduce cancer-related fatigue, improve quality of life and functional capacity, promote alterations in biomarkers, and potentially enhance the overall prognosis and survival of breast cancer patients and survivors [168, 169] . On the other hand, in one study, adhering to a strict dietary intervention resulted in decreased sleep quality in breast cancer patients, indicating that changing dietary behaviors can be both challenging and stressful [160] .
While weight loss in postmenopausal women has been found to significantly lower serum estrogens, free testosterone levels, and breast cancer risk [18, 170] , there is currently a lack of evidence demonstrating that weight loss actually improves survival among breast cancer patients who are either overweight or obese [171] .
Overall, these findings support the ability of dietary and lifestyle interventions to improve nutrition among breast cancer survivors and may help guide the incorporation of weight loss and dietary counseling into breast cancer treatment and care. However, this work is still in its infancy and more studies are clearly needed to determine the scale of the impact.
Dietary Guidelines
Cancer prevention and health promoting guidelines provided by the World Cancer Research Fund/American Institute for Cancer Research (WCRF) [172] focus on specific lifestyle recommendations, including (1) achieving and maintaining a healthy weight throughout life, (2) adopting a physically active lifestyle, (3) consuming a healthy diet that emphasizes plant-based foods, and (4) limiting alcohol and tobacco consumption (Fig. 1) . Dietary guidelines for cancer prevention are formulated on the basis of nutrition-related factors that are known to be either convincingly or probably causally related to cancer risk [173] . According to the recommendations given by the WCRF [172] , a healthy diet for cancer prevention is characterized by a diet that (1) allows someone to be as lean as possible without being underweight; (2) is rich in vegetables, fruits, whole grains, and pulses; (3) contains only a small quantity of red meat; (4) contains no processed meat; (5) has limited salt intake; (6) minimizes sugary drinks; (7) limits calorie-rich foods; and (8) restricts the consumption of alcohol and tobacco.
Thus, breast cancer risk reduction may be possible for women who are willing to adhere to a diet with antiinflammatory properties, primarily composed of mostly fruits, vegetables, fish, and olive/sunflower oil, while avoiding many Western-style foods [108, 174] .
Breast cancer patients who have completed all treatment of the cancer itself are encouraged to follow dietary recommendations for primary cancer prevention and to pursue and maintain a healthy body weight (BMI 20-24.9 kg/m 2 ), preserving their lean body mass and avoiding increases in fat mass [172] . Following the recommended 150 min of moderate-tovigorous exercise or 75 min of vigorous exercise per week, combined with two to three weekly sessions of strength training, can help to reduce breast cancer recurrence and improve survival [175] .
In summary, personalized, patient-centered, and comprehensive nutritional interventions and weight management/ lifestyle programs should be offered to all breast cancer patients, both during and after cancer-targeted treatment.
Conclusions
Obesity portends breast cancer risk through inflammatory pathways and dysregulated metabolism. Breast cancer pathogenesis is a prolonged process, and dietary habits can contribute to this, influencing both patients' risk of developing breast cancer and outcomes postdiagnosis. Dietary interventions are an effective means of secondary/tertiary prevention and may be a component of adjunctive therapy. Efforts should be made to increase public awareness about the evidence linking obesity and breast cancer risk. Despite current awareness about the critical role that both obesity and nutrition have in determining breast cancer outcomes, there remains inadequate translation of research findings into clinical practices. Efforts also should be directed towards advocating for policy and systems changes to address societal factors that contribute to obesity and enhancing public access to weight management services, both for the general population and cancer patients specifically. Future research must address variables such as race/ethnicity, tumor subtype, receptor status, reproductive characteristics, and lifestyle factors that influence the relationship between excess body weight and breast cancer risk. 
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